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PREVENTION OF HAEMOPHILUS INFLUENZAE TYPE B INFECTIONS IN HIGH-RISK
INFANTS TREATED WITH BACTERIAL POLYSACCHARIDE IMMUNE GLOBULIN

MatHuraM SanTosHAaM, M.D., Ravymonp Reip, M.D., Donna M. AMBRrOsINO, M.D.,

Mark C. Worrr, Pu.D., JANNE ALMEIDO-HILL, B.S., CLAUDETTE PrikHs, B.S., KaTuy M. Asrery, R.N.,
STEVE GARRETT, R.PH., LARRY CroLL, R.PH., STEPHAN FOSTER, PHARM.D., GERALD BURGE, R.PH.,
PeteR Pace, M.D., BonNiE ZacHER, L.P.N., RicnarD Moxon, M.B., B.Cuir., F.R.C.P.,

AND GEORGE R. SiBer, M.D.

Abstract Apache Indian infants have a high frequency
of Haemophilus influenzae type b (Hib) and pneumococ-
cal infections. Forty percent of Hib infections in these in-
fants occur before the age of six months, when active
immunization may not be protective. To evaluate the effi-
cacy of passive immunization with a human hyperimmune
globulin (bacterial polysaccharide immune globulin
[BPIG]) prepared from the plasma of immunized adult
donors, we randomly assigned 703 infants in a double-
blind fashion to receive 0.5 mi of BPIG per kilogram of
body weight (n = 353) or 0.5 mi of saline (n = 350) intra-
muscularly at 2, 6, and 10 months of age.

Hib-antibody levels were significantly higher in BPIG re-
cipients than in placebo recipients at 4, 6, and 10 months
of age (P<0.001). During the first 90 days after BPIG or

AEMOPHILUS influenzae type b (Hib) is an im-

portant cause of serious infections in infants and
children.'” In the United States the highest attack
rates of meningitis and other bacteremic infections
due to Hib have been documented among certain
American Indian and Alaskan Eskimo populations.*?
In these high-risk groups, the majority of invasive Hib
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placebo injection, no Hib or pneumococcal infections were
detected in the BPIG group, whereas seven Hib infections
(six cases of bacteremia and one of meningitis) and four
pneumococcal infections (bacteremia) were detected in
the placebo group (P = 0.007 and 0.06, respectively).
During the fourth month, one case of Hib meningitis and
two cases of pneumococcal bacteremia developed in the
BPIG group, whereas there were no Hib or pneumococcal
infections in the placebo group.

We conclude that BPIG given at four-month intervals
provided significant protection against serious Hib dis-
ease for three months, and that in high-risk infants it might
be used alone, perhaps at three-month intervals, or to-
gether with active immunization. (N Engl J Med 1987,
317:923-9.)

infections have occurred in children under one year of
age, with up to 40 percent of cases occurring before six
months of age.*” Therefore, prevention of Hib infec-
tions in young infants is a high priority for these popu-
lations.

The currently licensed Hib vaccine consists of the
purified capsular polysaccharide of Hib. Unfortunate-
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ly, this vaccine is not sufficiently immunogenic to be
protective in infants less than 18 to 24 months of age.®
Hib vaccines prepared by covalently coupling the
Hib capsular polysaccharide with a protein carrier
antigen are undergoing clinical evaluation.”!! Al-
though these conjugate vaccines are more immuno-
genic than purified polysaccharides, serum antibody
responses after a single dose in two-month-old infants
have been inconsistent.”!!

An alternative approach for protecting high-risk
infants is to administer an immune globulin contain-
ing high concentrations of antibody to the Hib
capsular polysaccharide. Recently, a human hyper-
immune globulin called bacterial polysaccharide im-
mune globulin (BPIG) has been prepared from the
pooled plasma of adult blood donors immunized
with Hib, pneumococcal, and meningococcal capsular
polysaccharide vaccines.'? This globulin has been
shown to prevent Hib bacteremia and meningitis in
infant rats.'3

This report describes a double-blind study of the
safety and efficacy of BPIG in preventing bacteremic
Hib and pneumococcal disease among Apache in-
fants, who are known to be at high risk for these
diseases.*

METHODS
Patient Population

Newborn infants of mothers living on the White Mountain and
San Carlos Apache Indian Reservations in Arizona were enrolled in
the study after written informed consent was obtained from the
mothers.

Ethical Clearance

The study protocol was approved by the Joint Committee on
Clinical Investigation of Johns Hopkins University School of Medi-
cine, the Indian Health Service, and the tribal councils of the White
Mountain and San Carlos Apache tribes.

Enroliment

The study was active from June I, 1983, to April 23, 1986, at the
White Mountain Apache Reservation and from January 1, 1985, to
April 23, 1986, at the San Carlos Reservation. During these periods,
628 (72 percent) of the 874 newborn infants at the White Mountain
Apache Reservation and 134 (62 percent) of the 217 newborn in-
fants at the San Carlos Reservation were enrolled in the study.

Randomization and Blinding

Infants were randomly assigned to the BPIG or placebo group in
blocks of four, with a table of random numbers, just before their
first routine childhood immunization. To ensure double blinding,
the randomization code was maintained by the pharmacy staff of
each hospital and was not available to the parents or guardians of
the infants, the investigators, or the hospital staff. BPIG and pla-
cebo injections were given by the pharmacy staff while the parents
and investigators were not present.

Study Protocol

Infants assigned to the treatment group received BPIG (0.5 ml
per kilogram of body weight) at 2, 6, and 10 months of age. Infants
assigned to the control group were given placebo (0.5 ml of normal
saline) at the same ages. BPIG or placebo was given intramuscular-
ly at two separate sites in the same thigh in equally divided volumes.

When the infants were two and six months of age, BPIG or
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placebo injection was accompanied by diphtheria, pertussis, and
tetanus immunization, but in the other thigh.

Laboratory Investigations and Preparation of BPIG

At birth (cord blood) and at 2, 4, 6, 10, 15, and 18 months of age,
1 ml of blood was obtained for measurement of serum antibody to
the Hib capsular polysaccharide.

Additional specimens were obtained to investigate acute illnesses.
For infants with fever (temperature >39°C), blood was obtained for
culture and serum was obtained to detect the presence of Hib anti-
gen. For hospitalized infants with acute respiratory illnesses, blood
and tracheal aspirates (obtained with a laryngoscope) were cultured
to detect the presence of bacterial pathogens. In addition, serum
and urine were obtained to detect Hib antigen. For infants with
suspected sepsis or meningitis, blood, cerebrospinal fluid, and urine
were obtained for bacterial culture and detection of Hib antigen.

BPIG was prepared and characterized as previously described.'?

Antibody Assays

Antibody to the capsular polysaccharide of Hib was measured in
a Farr assay as previously described.'* The lower limit of sensitivity
of the assay was approximately 0.05 ug per milliliter. For purposes
of statistical analysis, values falling below this limit were assigned a
value of 0.025 ug per milliliter.

The minimum protective level of passively administered IgG
antibody to the Hib capsule was estimated to be 0.05 to 0.15 ug per
milliliter. This estimate is based on trough antibody levels in pa-
tients with agammaglobulinemia receiving conventional immune
globulin prophylaxis'®> and on direct measurement of minimum
protective levels in the infant rat model of Hib bacteremia and
meningitis.'*

IgG, IgM, and IgA antibodies to the Hib capsular polysaccharide
were measured with an enzyme-linked immunosorbent assay as pre-
viously described.!5!?

Microbiologic Studies

Samples of blood, cerebrospinal fluid, and other body fluids and
tracheal aspirates were processed according to standard bacteri-
ologic techniques.'®'®

H. influenzae organisms were identified by tests of their depend-
ence on X and V factors for growth'® and were serotyped by aggluti-
nation with antiserums specific for type a or b antibodies (Difco
Laboratories, Detroit). Organisms agglutinating only with type b
antiserum were identified as Hib.

Blood, urine, and cerebrospinal fluid were tested for the presence
of Hib antigen with use of the Wampole (Bactogen) latex-aggluti-
nation test. Antigen tests were confirmed with the Farr inhibition
assay.'*

Definitions of Major Outcomes

All infants who received at least a single dose of BPIG or placebo
were included in the analysis. For assessment of the efficacy of
BPIG, only outcomes occurring within four months of receipt of
BPIG or saline were evaluated, on the basis of previous pharmaco-
logic studies.'” The major study outcomes were invasive Hib, pneu-
mococcal, or meningococcal infections, defined as isolation of one of
these organisms from a normally sterile body fluid (blood, cerebro-
spinal fluid, pleural fluid, or joint fluid), or the presence of purulent
meningitis (>100 polymorphonuclear cells per cubic millimeter of
cerebrospinal fluid) together with the presence of Hib capsular poly-
saccharide antigen in the cerebrospinal fluid. If an infant had more
than one episode of invasive Hib or pneumococcal disease, only the
first episode of illness was used for comparison of major outcomes
between the groups.

Definitions of Minor Outcomes

Pneumonia was defined as the presence of clinical symptoms and
signs of lower respiratory tract infection, as judged by the attending
physician, together with roentgenographic abnormalities, as judged
by the attending radiologist. Films initially interpreted as showing
pneumonia were reviewed for consistency at the end of the study, by
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a radiologist who did not know the treatment code. Lobar consoli-
dation was defined as the presence of a homogeneous, dense infil-
trate involving one or more segments or lobes.

Monitoring of Adverse Reactions to BPIG

Infants were observed for immediate reactions for 30 minutes
after BPIG or placebo administration. Active monitoring of adverse
effects was conducted by home visits 24 and 48 hours after injection
of the 2-month dose in 113 subjects and after the 10-month dose in
100 subjects.

Decision for Stopping the Study

An independent operations committee advised the investigators
when to stop the study. The committee was informed periodically of
the number of invasive Hib and pneumococcal infections that had
occurred within four months of BPIG or placebo administration.
On April 23, 1986, when 14 major study outcomes had occurred (8
Hib and 6 pneumococcal infections), the committee elected to break
the code. Before breaking the code, the committee decided on its
recommendation to continue or stop the trial according to each
possible distribution of Hib illnesses between the treated and pla-
cebo groups. After breaking the code, the committee advised stop-
ping the trial because significant differences in the incidence of Hib
infections had occurred.

Statistical Analysis

Unless otherwise indicated, two-tailed Fisher’s exact test was
used for comparison of the frequency of major and minor outcomes.

Comparisons of antibody concentrations in BPIG and saline re-
cipients were performed on geometric means, using the t-test when
they were normally distributed (according to the Wilk—Shapiro test)
and the Wilcoxon nonparametric test when they were not normally
distributed. The apparent half-lives of serum antibodies were calcu-
lated with use of values in the measurable range by methods pre-
viously described.?®

REsuLTs
Clinical Characteristics

From June 1, 1983, to April 23, 1986, 762 newborn
infants were enrolled in the study. Seven hundred
three (92 percent) of these infants were randomly as-
signed to BPIG or placebo and received at least one
injection. The remaining 59 infants (8 percent) were
withdrawn from the study before receiving the first
BPIG or placebo injection for one of the following
reasons: the infant died (n = 3), the family moved
from the reservation (n = 9), the mother requested
that the infant be removed from the study (n = 17), or
the infant was more than one month past due for the
first immunization (n = 30).

Of the 703 infants who received the first BPIG or
placebo injection, 353 were assigned to the treatment
group and 350 to the placebo group. Selected charac-
teristics of the infants are shown in Table 1. None of
the differences were significant.

Antibody to Hib-CP in BPIG and Placebo Recipients

Figure 1 and Table 2 summarize the concentrations
of antibody to the Hib capsular polysaccharide in 30
BPIG and 29 placebo recipients. During each of the
first 15 months of the study, the first two infants en-
rolled in each arm of the study who met all of the
following criteria were selected for this analysis: no
documented Hib or pneumococcal infection, no de-
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Table 1. Selected Characteristics of Infants Enrolled in the BPIG
and Placebo Groups.*

BPIG PraceBo
No. who received 1 dose 353 350
No. eligible to receive 2 dosest 312 305
No. who received 2 doses (%) 283 9)i 270 (89)F
No. eligible to receive 3 dosest 232 227
No. who received 3 doses (%) 222 (96)F 218 (96)F

Total no. of doses 858 838

No. monitored until 18 months of age (%) 134 (38) 130 37)
Days at risk for disease within 120 days 267.4+6.4 265.9x6.4
of treatment (mean *SE)
Person-years at risk for disease 259 255
M/F 162/191 167/183
Geographic distribution of infants — no. (%)
Whiteriver 240 (68) 242 (69)
Cibecue 54 (15) 49 (14)
San Carlos 59 (17) 59 (17)
No. with birth weights <2500 g (%) 23 (7) 19 (5)

Ny cionifi

*None of the diff were statistically
tOId enough at termination of the trial to receive the corresponding dose.
$Percent of those eligible to receive the corresponding dose.

tectable colonization with Hib or cross-reactive organ-
isms, and the availability of relatively complete sets of
serum samples.

At birth, maternal antibody to the Hib capsular pol-
ysaccharide was detectable at concentrations above
0.15 ug per milliliter in 94 percent of the placebo
recipients and 90 percent of the BPIG recipients. Ma-
ternal antibody levels declined with a mean half-life of
32 days (range, 20 to 46). The mean half-life of BPIG-
induced Hib antibody, calculated from the decline in
serum antibody levels between four and six months in
BPIG recipients, was 31.2 days (range, 20 to 66).

At six months of age, 22 of 29 infants (76 percent)
receiving placebo had no detectable antibody to the
Hib capsular polysaccharide (<0.05 ug per milliliter).
In contrast, 27 of the 30 BPIG recipients (90 percent)
still had detectable antibody concentrations at six
months.

The acquisition of “natural” antibody by 18
months appeared to be slower in BPIG than in pla-
cebo recipients. Mean antibody concentrations (Fig.
1) and the proportion of children with undetectable
antibody concentrations (Table 2) did not differ sig-
nificantly at 15 and 18 months. However, the propor-
tion of children with “natural” antibody levels above
0.15 pg per milliliter was significantly lower in BPIG
recipients than in placebo recipients at 15 and 18
months (Table 2).

Major Outcomes

Between June 1, 1983, and April 23, 1986, 34 inva-
sive infections due to Hib and pneumococci were ob-
served in the study population; 2 occurred before vac-
cination. No meningococcal infections were detected.
Table 3 summarizes the distribution of these infec-
tions. During the first three months after vaccination,
there were seven Hib infections in the placebo group
and none in the BPIG group (P = 0.007). During the
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5.00 (35.5 percent) for the BPIG group,
s—a BPIG Treated (n=30) 275 (35.0 percent) for the placebo

(2.0) (1.8) e--¢ Saline Controls (n=29) group, and 232 (29.5 percent) for

200~ (1.4) ® 2 unenrolled infants. Of the 14 cases
% RN A of Hib infection that occurred,

1.00+ R E N\ M 1 (7.1 percent) was in the BPIG
E . : group, 7 (50 percent) were in the

0.50 ' ' ' placebo group, and 6 (42.9 per-
. \ ! cent) were in the unenrolled group.

' ' Therefore, the incidence density

0.20 . : (cases per person-year) was signifi-
0.15 : . cantly lower (P = 0.027) in the

0.10
0.05

Geom. Mean Hib CP Antibody (ug/ml)

BPIG group than in the combined
placebo and unenrolled groups.??
Six of the seven infants in the
placebo group who had invasive
Hib infections had positive blood
cultures. Three of these infants had
pneumonia, one had septic arthri-
tis, one had meningitis with a posi-

1
0 2 4 6 8
Age (Months)

Figure 1. Mean Concentration of Hib Capsular Polysaccharide (Hib CP) Antibody in

BPIG and Placebo Recipients.

The interrupted horizontal lines represent estimates of the minimum protective con-
centration of IgG class Hib antibody. In BPIG recipients, peak antibody concentrations
(open squares) were extrapolated from observed values (closed squares), assuming a
half-life of 30 days for the antibody. The extrapolated points are connected to observed
values by interrupted lines. P values represent the significance of differences between

the means according to the t-statistic.

same period, there were four pneumococcal infections
in the placebo group and none in the BPIG group
(P = 0.06). With both outcomes combined, there were
11 infections in the placebo group and none in
the BPIG group (P = 0.001). During the fourth
month, one Hib infection and two pneumococcal in-
fections occurred in the BPIG group and none oc-
curred in the placebo group. The difference in Hib
infections in the two groups during the full four
months remained significant (P = 0.04), as did the
differences in Hib combined with pneumococcal infec-
tions (P = 0.03).

On the basis of the above data, the efficacy of BPIG
in preventing Hib infection during the first three
months after vaccination was 100 percent, with a 95
percent one-sided confidence interval of 46.7 to 100
percent. For the full four months, the efficacy was 85.8
percent, with a 95 percent confidence interval of
—11.4 to 99.7 percent, according to the methods de-
scribed by Ederer and Mantel.2! During the subse-
quent two-year follow-up period, there were 6 Hib
infections (2 in the BPIG group and 4 in the placebo
group) and 12 pneumococcal infections (6 in each
group).

We also monitored the incidence of Hib infections
among infants in Whiteriver who were not enrolled
in the study. During the study period, the popula-
tion had a total of 786 person-years at risk — 279

10 12 14 16 18

tive cerebrospinal fluid culture, and
one had bacteremia without a focus
of infection. Another infant, three
months of age, was given a diagno-
sis of meningitis in the absence of
positive blood and cerebrospinal
fluid cultures. This infant had re-
ceived two doses of amoxicillin
within 12 hours before hospitali-
zation, and she had 9800 poly-
morphonuclear cells in her cere-
brospinal fluid. Blood, urine, and
cerebrospinal fluid specimens were all strongly posi-
tive for Hib antigen by latex agglutination and radio-
immunoassay. Two weeks before her hospitalization,
she had Hib in her oropharynx.

In one five-month-old infant, Hib meningitis devel-
oped 98 days after treatment with BPIG. On a routine
visit two weeks before the illness, the child was found
to be colonized with Hib and to have 0.32 ug of Hib
capsular antibody per milliliter on the Farr assay. On
admission, cultures of blood and cerebrospinal fluid
yielded Hib, but an oropharyngeal swab obtained sev-
eral hours after initiation of antimicrobial therapy re-
vealed no Hib. A serum specimen obtained in the
acute phase was strongly positive for Hib antigen by
latex agglutination and contained 0.11 ug of Hib
capsular antibody per milliliter (although a prozone
effect was noted when undiluted serum was assayed).
An enzyme-linked immunosorbent assay showed that
most of the antibody present two weeks before admis-
sion and on admission was of the IgG class and was
thus presumably passively acquired from BPIG. The
child had only 0.01 ug of IgA Hib capsular antibody
per milliliter in each of these two specimens. A serum
sample obtained in the convalescent phase contained
0.46 ug of the Hib antibody per milliliter on the Farr
assay, and most of the antibody was of the IgM class
on enzyme-linked immunosorbent assay.

Of the four infants with pneumococcal bacteremia
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Table 2. Proportion of Placebo and BPIG Recipients with Serum
Concentrations of Hib Capsular Antibody below Estimated
Protective Levels.*

AGE (MONTHS)
0 2 4 6 10 15 18

Placebo recipients
No. examined 18 26 29 29 29 28 28
Percent with <0.15 pg/ml 6 46 83 97 90 71 64
Percent with <0.05 ug/ml 0 19 55 76 8 54 54

BPIG recipients
No. examined 20 24 30 30 28 30 30
Percent with <0.15 pg/ml 10 42 13t S0t S7t  93F 93t
Percent with <0.05 pg/ml 5 25 3t 10t 14t 37 67

*The minimum protective level of passively acquired [gG Hib capsular antibody is estimated
to be 0.05 to 0.15 ug per milliliter (see text).

+Significantly different from value in placebo recipients (P<<0.01 by two-sided Fisher's
exact test).

$Significantly different from value in placebo recipients (P<0.05 by two-sided Fisher's
exact test).

in the placebo group, two were given a diagnosis of
otitis media and pneumonia, one had otitis media, and
one had no focus of infection. Three of the infants had
serotype 4 pneumococcus, and one had serotype 18.
The two cases of pneumococcal infection in the BPIG
group occurred 105 and 121 days after BPIG adminis-
tration. One infant was given a diagnosis of pneumo-
nia, and the other did not have an identifiable focus of
infection. The pneumococcus from one of these pa-
tients was serotype 4, and that from the other patient
was not serotyped.

Minor Outcomes (Table 4)

There were no statistically significant differences
between the groups in the number of infants with
pneumonia or the number hospitalized because of
any illness after the BPIG or placebo injections. How-
ever, fewer infants in the BPIG group than in the pla-
cebo group had three or more episodes of pneumonia
(P = 0.007). The frequency of consolidative pneumo-
nia was also lower in the BPIG group (P = 0.09). Oti-
tis media was not used as an outcome because the
diagnosis rested solely on the clinical impressions of
different physicians.

Adverse Effects

No immediate adverse reactions to BPIG or placebo
immunizations were noted by the pharmacist. In ad-
dition, no infants presented to the hospital because of
adverse effects attributed to BPIG or placebo.

Active follow-up at home for local reactions at two
months of age revealed that 2 of 49 BPIG recipients
(4 percent) had local swelling, erythema, and tender-
ness at the site of injection 24 hours after immuniza-
tion. These reactions resolved within 48 hours of im-
munization. None of the placebo recipients had local
adverse reactions. No local reactions were noted in
either group after the 10-month immunization.

DiscussioN

We have demonstrated that passive immunization
with a human hyperimmune globulin enriched in anti-
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bodies to Hib and pneumococcal capsular polysac-
charides significantly reduced bacteremic infections
caused by these organisms in a high-risk Apache Indi-
an population. The reduction was statistically signifi-
cant when Hib infections were analyzed separately
and showed a trend with pneumococcal infections. Be-
tween 91 and 120 days after BPIG administration, one
case of invasive Hib disease and two cases of invasive
pneumococcal disease occurred in the BPIG group.
In addition, direct antibody measurements indicated
that 10 to 15 percent of infants no longer had de-
tectable antibody to the Hib capsular polysaccharide
four months after BPIG administration (Table 2). Ad-
ministration of this globulin at three-month intervals
may therefore be needed to achieve uninterrupted
protection.

Since the code was broken in April 1986, BPIG giv-
en on a more frequent schedule (at birth and at two,
four, six, and nine months of age) has been offered to
all infants on the White Mountain and San Carlos
Apache reservations. Four hundred ninety-seven in-
fants have been immunized, and no invasive Hib in-
fections have been observed among them over a 10-
month period. In contrast, four cases of Hib infection
have occurred among 343 other infants during this
period.

Between the ages of 2 and 14 months, only one
BPIG recipient in the study group had a bacteremic
Hib infection. This child was first found to be colo-
nized with Hib two weeks before meningitis devel-
oped. At that time the IgG antibody level was above
the level considered protective. Nevertheless, Hib bac-
teremia and meningitis developed. On admission, the
child had antigenemia and an undiluted serum speci-

Table 3. Comparison of BPIG and Placebo in Prevention of Hib
and Pneumococcal Bacteremia and Meningitis.

BPIG PLAcEBO
Group GRrOUP P VALUE*
No. of patients at risk 353 350
No. of doses 858 838
Cases of invasive Hib disease
Before treatment period 0 1
1-90 days after immunization 0 7 0.007
91-120 days after immunization 1 0
1-120 days after immunization 1 7 0.04
After treatment periodt 2 4
Cases of invasive pneumococcal
infections
Before treatment period 1 0
1-90 days after immunization 0 4 0.06
91-120 days after immunization 2 0
1-120 days after immunization 2 4
After treatment periodt 6 6
Combined no. of cases of invasive
Hib and pneumococcal infections
Before treatment period 1 1
1-90 days after immunization 0 11 <0.001
91-120 days after immunization 3 0
1-120 days after immunization 3 11 0.03
After treatment periodt 8 _10
Total number of cases 12 22

*By two-sided Fisher’s exact test. P value is given only if P<0.1.
+At 121 days to two years after the third dose.
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Table 4. Comparison of BPIG and Placebo in Prevention of
Various Outcomes.*

BPIG PLACEBO
Group Group P VaLuet
No. of children at risk 353 350
No. of episodes of pneumonia 29 35
No. of children with =3 0 7 0.007%
episodes of pneumonia
No. of children with 3 9 0.09%
consolidative pneumonia
No. of episodes of gastroenteritis 620 581
No. of episodes of impetigo 24 30
No. of children hospitalized with 154 164
any illness
No. of children hospitalized 100 123 0.05§

with temperature =39°C

+P value is given only if P<0.1.
§By chi-square test.

*At 1 to 120 days after treatment.
1By two-sided Fisher's exact test.

men did not show antibody activity on an assay of
radioactive-antigen binding. However, upon dilution,
antigen-binding activity became detectable. This ob-
servation suggests that an excess of antigen had
formed a complex with the antibody in the undiluted
serum.

The reason for the failure of passive immunization
in this infant is not clear. One possibility is that Hib
capsular polysaccharide antigen from the colonizing
organism may have been absorbed and bound to the
antibody. Formal investigations of the infant’s im-
mune functions were not done, but the previous and
subsequent clinical courses were not marked by recur-
rent infections.

The active antibody response to tetanus and diph-
theria toxoids given concurrently was not sup-
pressed.?® Also, the frequency of acquiring detectable
“natural” antibody to the Hib capsular polysaccha-
ride, presumably in response to unrecognized expo-
sure to Hib or cross-reactive antigens, was similar in
BPIG and placebo recipients. However, the frequency
of relatively high concentrations of the “natural” anti-
body (>0.15 ug per milliliter) was significantly re-
duced (P<<0.01, Table 2) in BPIG recipients. The rea-
son for this reduction is not clear, but it may reflect a
lower frequency of subclinical or unrecognized Hib
infections or an impaired response to subclinical infec-
tion or colonization. However, in preliminary studies,
the capacity to respond to Hib capsular polysaccha-
ride vaccine at 18 months of age was not impaired in
BPIG recipients relative to placebo recipients (Santo-
sham M, et al.: unpublished data).

The role of BPIG in the prevention of encapsulated
bacterial infections needs to be defined. The efficacy of
BPIG in preventing Hib bacteremia and meningitis
suggests that it should be used prophylactically in per-
sons known to be at high risk for Hib infections, such
as American Indians and Alaskan Eskimo infants.*>
In these populations, a substantial proportion of Hib
infections occur in infants less than six months of age.
The more immunogenic Hib vaccines currently being
investigated do not rellably produce an antlbody
response at two months of ticabark

Oct. 8, 1987

American Indians.!! Since BPIG does not appear to
suppress the active response to Hib capsular polysac-
charide conjugate vaccine,'' combined passive and
active immunization could be used to provide uninter-
rupted protection to high-risk groups once both BPIG
and the new conjugate vaccines are licensed.

Another use for BPIG would be as prophylaxis for
exposed household contacts of patients with primary
cases of Hib infection.?* Currently, rlfampm prophy-
laxis is recommended in this situation.?® Unlike rifam-
pin prophylaxis, BPIG prophylaxis could be restricted
to children at risk and would not have to be given to all
household contacts.

We are indebted to David Dickman, M.D, for reviewing the x-ray
films; to Cathy Gorham, R.N., Margie Herrick, Pauline Martin,
M.D., and Janet Gardenier for donor recruitment; to Drs. James
Mclver, Jeanne Leszczynski, and Nadine Cohen for preparing
BPIG and saline placebo; to Dr. Charles Todd and Virginia Barrus
for technical assistance with antibody assays; to Drs. R. Bradiey
Sack, Robert E. Black, Helen Abbey, Frank B. Polk, and Timothy
R. Townsend for serving on the operations committee; to Drs. Jack
Parker, Elaine Callahan, G. Losonsky, and Rick Caldwell for advice
and assistance; to the staffs of the Whiteriver and San Carlos Public
Health Service hospitals; to Drs. Neal A. Halsey, Robert Yolken,
John Modlin, Kenneth Fleshman, and Walter T. Hughes for re-
viewing the manuscript; to Dr. Nelson Ordway, Dr. Maurice
Sievers, Carla Nachu, George Lefebvre, and Jerry Short for their
suggestions on conducting the study; to Yolanda Nashio, Eugenia
Keller, Marna Clendon, Frances Carrizosa, and Lakota Kruse for
help in gathering data; and especially to all the volunteer plasma
donors who contributed so generously to the study.
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MUTATIONAL ACTIVATION OF THE K-RAS ONCOGENE

A Possible Pathogenetic Factor in Adenocarcinoma of the Lung

Sjoerp RopeEnnuis, M.D., Marcus L. vaNn pE WETERING, B.S.; WoLTER J. Moor, M.D.,
SieciNa G. Evers, B.S., Nico vaN Zanpwijk, M.D.; aND Jouannes L. Bos, Pu.D.

Abstract To define the role of cellular oncogenes in
human cancers, we studied the prevalence of mutational
activation of ras oncogenes in untreated non-small-
cell lung cancer. Genomic DNA was extracted from 39
tumor specimens obtained by thoracotomy and was
examined for activating point mutations in codons 12,
13, and 61 of the H-ras, K-ras, and N-ras genes. A
novel, highly sensitive assay based on oligonucleotide hy-
bridization following an in vitro amplification step was
employed.

The K-ras gene was found to be activated by point mu-
tations in codon 12 in 5 of 10 adenocarcinomas. Two of
these tumors were less than 2 cm in size and had not

ESPITE recent advances in our understanding of

the molecular mechanisms that give rise to ma-
lignant behavior of cells, the role of known oncogenes
in human cancer remains largely conjectural.! Onco-
genes are derived from normal genes (“proto-onco-
genes”) that are highly conserved in evolution and
that code for proteins having important roles in
normal cellular processes, such as the regulation of
gene expression or growth-signal transduction. Cer-
tain events may lead to structural abnormalities in or
around these genes that make them contribute to the
process of malignant transformation (“activation”).
The most frequent mechanisms of this activation of
proto-oncogenes in human cancers are (1) structural
abnormalities of chromosomes associated with gene
translocation, such as the Philadelphia chromosome
in chronic myelocytic leukemia, with translocation of
the abl gene?; (2) an increase in the number of copies
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metastasized. No ras gene mutations were observed in 15
squamous-cell carcinomas, 10 large-cell carcinomas,
1 carcinoid, 2 metastatic adenocarcinomas from primary
tumors outside the lung, and 1 small-cell carcinoma.
An approximately 20-fold amplification of the unmutated
K-ras gene was observed in a tumor that proved to be
a solitary lung metastasis of a rectal carcinoma.

We conclude that mutational K-ras activation may be an
important early event in the pathogenesis of adenocarci-
noma of the lung but that amplification of ras genes or
mutational activation of H-ras or N-ras does not play a
major part in non-smali-cell lung cancer. (N Engl J Med
1987; 317:929-35.)

of a particular gene per cell, termed “gene amplifica-
tion”?; and (3) point mutation, in which a single base
substitution in the DNA leads to a single amino acid
substitution in the encoded protein, which then ac-
quires transforming potential.

The oncogenes that appear to have a role in human
lung cancer belong to two families of closely related
genes, called myc and ras. The myc genes code for nucle-
ar proteins that are believed to be involved in growth
regulation. Amplifications of at least three myc genes
(c-myc, N-myc, and L-myc) have been shown to occur in
small-cell carcinoma cell lines; the overexpression of
one of these, c-myc, appears to induce a different and
even more malignant (“variant”) phenotype.*> Myc
amplifications have also been noted in fresh tumor
material from patients with small-cell carcinoma® and
have been associated with tumor progression and an
unfavorable prognosis.

Activated ras oncogenes have mainly been encoun-
tered in lung cancer cell lines of non-small-cell ori-
gin.”® The genes of this family, of which H-ras, K-ras,
and N-ras are well characterized, code for 21-kilo-
dalton (kd) guanosine triphosphate-binding proteins
(p21), which are related to G-proteins and are thought

. The New England J i 1 -3 i 10
Foundation. e New Englan T’é’fi’loﬁnﬁgﬂ’nﬁ% in growth pg.rlrgsnal transduction.'” The ras

Downloaded from nejm.org at NIH Libary on July 22, 2015. Sion.
From the NEJM Archive. Copyright © 2010 Massachusetts Medical Society. All rights reserved.



